Introduction
Polymer-solvent equilibria are needed for a variety of applications in polymer production and purification processes, including, for example, recovery of organic compounds from waste air streams using a polymeric membrane; Moreover~ experimental equilibrium data are required to develop or test molecular-thermodynamics models for polymer solutions.
Reliable experimental vapor-liquid equilibrium (VLE) data for polymer solutions are not plentiful and many literature data are frequently available for only a limited concentration range of sorbed solvent. Experimental VLE data are particularly rare for copolymers, 10 -19 for crosslinked polymers, 20 -28 and for polymers with unusual or well defined architecture, as brush 29 and comb polymers, 30 arborescent, 31 star-like polymer, 32 and dendrimers. 33 • 34 However, copolymers and polymers with unusual structure are currently of increasing commercial interest because of their particular chemico-physical properties for potential applications.
The purpose of this work is to extend our knowledge of vapor-sorption behavior of copolymers and crosslinked polymers. For copolymer-solvent systems, we examine the effect of copolymer intramolecular repulsion by comparison with the properties of the parent homopolymers; for crosslinked polymer-solvent systems, we examine the effect of elastic forces by comparison with the solution properties of corresponding linear polymers. 4 To our best knowledge, no previous studies have been reported on the effect of intramolecular repulsion on VLE of crosslinked polymers, and only a few papers have been published concerning intramolecular repulsion in copolymer/solvent systems.
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However, much attention has been given to the influence of intramolecular repulsion on miscibility in polymer blends.
35
-4° Miscibility studies have shown that, when at least one component is a statistical copolymer, miscibility in copolymer-homopolymer blends can occur for a defined copolymer composition window even if none of the parent homopolymers are mutually miscibile. The condition necessary to reach miscibility is that intramolecular repulsion between bonded unlike segments in the copolymer is sufficiently large to produce an exothermal enthalpy of mixing when polymers are blended. The mixing process causes a dilution of the unfavorable interaction between the two copolymer units; the contribution of this dilution to the total enthalpy of mixing reduces the conventional endothermic enthalpy ·of solution that prevents miscibility.
Moreover, it has been shown that the extent of the intramolecular-repulsion effect is closely related to repeat-unit sequence: miscibility improves with alternating sequence distribution, and decreases with polymer blockiness.
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To study the intramolecular repulsion effect and the effect of elastic forces on VLE for binary polymer/solvent mixtures, we chose some 4-vinylpyridine (4VP)-based polymers, and alcohol solvents (methanol, i-propanol and t-butanol). The polymers were P4VP and PS, random copolymers P4VP-co-10%S and P4VP-co-50%S, block copolymer P4VP-b-50%S and crosslinked poly(4-vinylpyridine) with 2% (c-P4VP/2%DVB) and 25% (c-P4VP/25%DVB) divinylbenzene as crosslinking agent. 
Experimental

Materials
All polymers were supplied by Aldrich, except copolymers P4VP-co-50%S ·and P4VP-b-S, that were obtained, respectively, from Scientific Polymer Products and from Polymer Source. Table 1 gives weight-average molecular weights of linear P4VP and polystyrene PS and copolymers P4~-co-S; crosslinking-agent weight percents for crosslinked P4VP; styrene content for P4VP-co-S; and glass-transition temperatures for each polymer. With the exception ofPS and P4VP-b-S, both copolymers and linear P4VP are polydisperse; provided that the polymer is not glassy or crystalline, and provided that Mw>10000, 61 • 62 polymer molecular weight has little. effect on VLE. For random copolymers, polydispersity of chemical composition also has little effect on VLE. 61 All the polymers are in powdered form. Table 2 gives solvent characteristics: supplier, purity, and _vapor pressures at the experimental temperatures. The solvents, degassed with a standard freeze-thaw procedure ' described by Panayiotou and Vera, 16 were used without further purification. 6 Experimental apparatus and procedure Solvent activities were measured using a classic gravimetric sorption technique. Figure 1 shows a schematic diagram of the apparatus. The apparatus and the experimental procedure have been described in detail by Panayiotou and Vera 16 and by Gupta and Prausnitz. 14 The amount of solvent absorbed by a polymer is measured at increasing solvent 
where Tg is the glass-transition temperature of the copolymer, Tg,pl and Tg.p2 are the glasstransition temperatures of the parent homopolymers, and WpJ and Wp2 are the mass faction of the parent monomers. Table 1 shows measured glass-transition temperatures.
Measured Tg and those calculated by Equation (1) are in very good agreement.
Results and discussion
To present our data, we plot solvent activity a1 as a function of the solvent weight fraction in the polymer phase w 1 • Because the experimental pressure is always lower than 1.5 bar, we consider the vapor phase as ideal gas. The solvent activity in the vapor phase is the ratio of solvent pressure (P) to the pure-solvent vapor pressure at the experimental temperature. Pure-solvent vapor pressures P rt are calculated using the equation suggested by Daubert and Danner. 65 8
Copolymers P4VP-co-S and P4VP-b-S Figure 2 shows VLE for five P4VP-co-8 random copolymers + methanol; the polymers have different percent styrene content %8. The two limiting cases %8=0 and %8=100 correspond to homopolymers P4VP and P8, respectively. As discussed later, the good affinity of the polar segments of P4VP for methanol determines the high solvent sorption in this polymer. Because methanol is not a solvent for P8, the P8 solvent sorption curve is close to the vertical axis. Intuitively, one might expect that the solvent sorption in P4VP-co-8 copolymers is the average of P4VP and P8 sorption, weighted by the comonomer unit content, as reported for some other copolymer + solvent systems.
14 However, P4VP-co-1 0%8 absorbs more methanol than either ofthe two homopolymers. This non-intuitive behavior may be explained by intramolecular repulsion between unlike segments in a random copolymer. The addition of styrene units in P4VP
changes the chemical affinity of the polymer for alcohol. Two competitive factors affect theVLE:
1. the poor affinity of styrene for methanol and i-propanol;
2. the solvent-screening effect of unfavorable intramolecular interaction (repulsion) between 4VP and styrene units in the copolymer.
For the binary system P4VP-co-S/alcohol, a measure of affinity is provided by the The contribution of styrene affinity to the total copolymer affinity for methanol or i-propanol is represented by the second term in Equation (2), while the contribution of intramolecular repulsion is given by the third term. Equation (2) shows that even if the added comonomer units lower the average segmental affinity (X.Ac ~A+ X.8c ~8 > X.Ac) for the solvent, a sufficiently large X,A 8 can overcome this effect and globally produce an enhanced favorable solvent/copolymer interaction (small or negative X.<A 8 )c) for some copolymer compositions.
This enhanced favorable interaction is observed for P4VP-co-S random copolymer + alcohol systems. The interaction parameter P4VP-PS X.A 8 has been measured by Clarke et al. 66 by three different methods. Even if Clarke et al. were not able to give a well-defined value of X,A8 but only a range, they pointed out that the lower limit is an order of magnitude greater than the largest value of X.AB reported for other nonionic systems. The strong repulsion between 4VP-and-S-bonded segments determines the VLE behavior in P4VP-co-1 O%S, while the poor affinity of PS for alcohol b~lances 10 the intramolecular repulsion effect in P4VP-co-50%S + i-propancl (X.(AB)C ~ X.Ac) and determines the VLE in P4VP-co-50%S + methanol. From our data, we expect a maximum in alcohol affinity for P4VP-co-S, for %8<50%. Figure 2 shows also VLE data for P4VP-b-50%S block copolymer+ methanol.
The sorption curve lies to the left of the P4VP-co-50%S sorption curve and between the two homopolymer curves. In a block copolymer the intramolecular repulsion between unlike bonded segments is much reduced because of the segregated distribution sequence Our experimental data show unexpected VLE for crosslinked P4VP compared with that for linear P4VP. At low solvent activity, the trend in the amount of sorption with .degree of crosslinking is exactly the opposite of that predicted by the discussion above. The expected behavior is recovered only at high solvent activity. Additional evidence for this unexpected behavior is shown in Figure 5 (a) where data are shown fori-propanol sorption in the same polymers at 70°C. When i-propanol is the solvent, the dependence of solvent sorption on the degree of crosslinking is much stronger, erasing any doubt about the sorption curve cross-over. Again, at a 1 <0.8, c-P4VP/25%DVB exhibits the highest sorption and linear P4VP the lowest. However, when the solvent activity is raised above 0.8, the curves switch relative position; the greatest solvent affinity is then observed for the linear polymer.
Figure S(b) shows sorption of t-butanol in linear and crosslinked P4VP.
Comparing the sorption curves for linear P4VP and P4VP/25%DVB, we reach similar conclusions concerning the crosslinking effect. At low solvent activity, the sorption curves for linear P4VP and P4VP/2%DVB overlap. Because of the very small sorption of t-butanol due to the low affinity of P4VP for this solvent and because of the high experimental error at very low amount of sorbed solvent, cross-over of these two sorption curves cannot be detected.
The apparent disagreement between our results and those reported by others at low solvent activity may be resolved upon considering the results presented in the previous section where it was shown that the sorption of methanol (or i-propanol) for random P4VP-co-l O%S is much higher than that for P4VP homopolymer, in spite of the poor affi~ty of styrene for a low-molecular-weight alcohol. The increase in the amount of sorbed solvent follows from the solvent-screening effect of intramolecular repulsion between unlike segments that constitute the copolymer.
The crosslinked P4VP polymers used in this work are copolymers of 4-vinylpyridine ( 4VP) and divinylbenzene (DVB). These repeating units are the same constitutive units as those for P4VP-co-S, except for the double vinyl functional group in DVB monomer (that allows crosslinking) instead of the single bond in styrene. The unfavorable interaction between 4VP and DVB is the same as that between 4VP and styrene. Moreover, because the same DVB monomeric unit links together two P4VP
chains, the number of 4VP units covalently bonded with a single DVB unit is twice that 13 in the non-linked copolymer. As a result, we expect that intramolecular repulsion in the crosslinked copolymers is stronger than that in the non-linked copolymers at fixed copolymer composition.
This expectation is confirmed upon comparing the data for P4VP-co-10%S + ipropanol and for c-P4VP/2%DVB + i-propanol at low solvent activity ( Figure 6 ). Lower comonomer concentration in the crosslinked copolymer is able to produce the same increase in vapor sorption. Hence, intramolecular repulsion can explain Why, at low solvent activity, the sorption rises with degree of crosslinking. However, at high solvent activity, recovery of the usual trend (higher sorption in linear homopolymer P4VP)
follows from the contribution of elastic forces that are small at low solvent concentration but become increasingly important as more solvent enters the polymer.
Sorption dependence on solvent quality is in a position more hidden than that in P4VP.
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For the three alcohols studied here, similar affinity has been observed for c-P4VP/2%DVB: again, the highest sorption is observed with methanol and the lowest with t-butanol. For c-P4VP/25%DVB, the sorption curves for the three alcohols do not show any significant difference. Similar behavior has been observed for P4VP-co-S: increasing %S from 10% to 50% cancels any difference in sorption between methanol and ipropanol. At high comonomer concentration, the reduction of solvent affinity for P4VP in the direction methanol>i-propanol>t-butanol is probably balanced by the increased solvent affinity of styrene segments for higher aliphatic alcohols.
As expected, sorption at 70°C is less than that at 55°C when compared at the same solvent activity.
Conclusion
New VLE sorption data for alcohols have been obtained for crosslinked 0.9 Figure 6 . 
